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Attention: Hr. Edward Carpenter

Subject: Vanadium Queen l{ine

Dear Hr. Carpenterl

Fol lo,.ring is a summary of the results of our investigation into possible
treatment processes for the mine drainage water from the Vanadium Queen

fline, and our recommendations.

A preliminary review of the applicable industry literature has revealed

nothing new in the field with th,e.efggption of some recent developments

in ion exchange technology 
(l)(2)(3)(4) related to concentration of dllute

solutions for direct resource recovery Ot 
?_:""ond 

means (solvent extraction,
precipitation, electrodeposition or other t)/1. The Hine drainage in question

does not economically fit any of the above processes because of lop flovl

rates and lovr concentration of recoverable minerals. A review of the latest

analytical literature failed, also, to provide anything better than existing

technology. lt is from the reports in this literature, of chemical separa-,

ti.ons of increased effeciency, that new commercial processes are derived.

It is interesting to note, hovlever, that barium carbonate and barium sulphate

collection and concentration techniques are still the ones that are used.the
(5) (7)

mOSt .

Our conclusion frorn the above exercise was that the barir.rn chloride-Pr9cess

was the b"ta 
"Oll,i:lilt*egb.Lo.l9.gy, 

precipitated as the carbonate, sulphate
.6iToffitreaminquestion.Sorrreofthehigh|ightsofthebarium

chloride process are as follows:
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l). The chemistry of the process ls variable as most of the canpounds

removed are absorbed on the surface of the barium conpound precip-

itates3 a few are copreclpitated, The efficiency of the process

depends on the chemistry of the water in question.

2l , The barium chloride wi I I precipitate efficiently as the carbonate

from pH 7.b on up, providing there are carbonate (COr) ions in the

water and C0, ls absent or lov.r. The bicarbonate ion (HC03) is of
no use if there are sulphate ions in the water (S04), as the barium

wi ll precipitate as sulphate under these conditions.

31. At pH 7.0 to 8.9, the barium, precipated as the carbonate (8)ritt

bring down trivalent iron (F.#+), aluminum (Al), titanium (ti),
zirconium (zr), chromium (Cr) and uranium (U); also, in the presence

of the preceding, phosphorus (P) and vanadium (V) will come dorn.

Arsenic (ns) and selenium (Se) are significantly reduced. The effect
on radium at this pH is unknown.

q). The solubility of barium carbonate is very lovu, on the order of
.0022 g/tOoml in 70'F water at pH 7.0 and above. ltsr solubility
increases with lowering pH below 7.0. lt is soluble in acids.

(g)
5). Radium is known to precipitate quantitatively on barium sulphate'-'

at about pH 4.2. lt is not known what the removal efficiency is at

other pH values. The sulphate precipate will form at any pH if
there are sulphate ions available and is insoluble at all pH values

(.oozz g/tooml e 70.F), ev.n in acids.

In its'simplest form, the process can be practiced by drip feeding the chemical

solutions into the stream to be treated in a turbulent flo,'r section of pipe

or ditch leading to the settling pond, Turbulent f,lov., can be ensured by ptac-
ing overflow baffles in the bottorn of the conduit. The chemical solutions can

be made up by dissolving a measured amount of the dry chemicaf salts in some

of the water to be treated, in a barrel. Since there are not enough carbonate

or sulphate ions in the mine water in question, they would F":l:_b9 _added

Gt ttt" s"ai,- t"itij 
"i"^g "itn the barium chloride. The barium chloride

should be mixed and added separately.
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Good mixing of the chemicals with the water to be treated ls very important

for good treating efficiency. The mixing section needs to be far enough ahead

of the settling area that all mixlng is cornplete before velocity is reduced.

A second stage of mixing needs to be provided in a separate section at the

head end of the settling pond. This is necessary because, while the treating

efficiency is highest with the freshly precipitated barlum, settl in9 efficiency
is very low. The particle diameter of the freihly precipitated barlum carbonate

or sulphate is about 0.1 microns and the settling rate without agglomeration

would be in the range 6f lsn/48hrs. Formatlon of the agglomerated precipitate

can be speeded up by re-seeding the flovr with some of the old precipitate in
the second mixing stage. Thls can be accomplished wlth an air pipe anchored

to the bottorn, or other means. The average diameter of the agglornerate wi I I

be frorn 50 to 100 microns, depending on the effeciency of re-seeding. Settling

rates should be in the range of 0.05 to 0.5 cm/second for the agglomerate.

The settling rates were confirmed by mixing/settling tests. Three l000ml

beakers were filled with tap water at pH /.!. Sodium carbonate was added to

the first beaker, sodium sulphate to the second, and a mlxture to the third
(amounts were the same as the maximum recommended treatment concentration
given below). After the added chemicals were completely dissolved, a stoi-
cheometric amount of 10? barium chloride solution was added and the resultin-o

precipitate lightly mixed by hand stirring. All three beakers settled clear

in 8 hours. The settled precipitate was then ccnpletely remixed and again

allored to settle. All three beakers settled clear in 2{/2 hours this time.

A third repeat produced a clear settling time of I hour. From this simple

test it is easy to see the advantage of re-seeding with old precipitate.

One of the problems with
ions ar*e 

,::1"".0 
from the

the above process is that while some objectionable

water, soluble chloride ions 
-ar. 

;;J;J;

= Ba C03{+ 2 NaCl

= Ba S04*+ 2 NaCl

BaCl2 + Na2C03

BaC12 + Na2S04
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The usual limit of chloride ions in a discharge stream is 250 ppm. This
limits the amount of bariun chlorlde that can be added (the Utah limit Is
unknov'rn, this point needs to be checked).

Another problem is that soluble barium compounds are poisonous, lt is, there-
fore, essential that an excess of sulphate and/or carbonate ions be present
to ensure that all of the baritrm is precipitated. This can be acconplished
by adding a l0? excess of these lons, but this should be watched carefully as

fll o-f the excess adds to the totaf dissolved sollds of the water. An excess
can be tested for by adding a few drops of 10t barium chtoride solution to a

clear sample of treated water obtained frqn about half way dovrn the settling
pond. lf a fine, white precipitate forms, there is an excess of carbonate
or sulphate ions present.

The chemical usage for the above system, assuming an average flonr rate of
2.5 GPH (an estimated reduction must be made to allor'l for evaporation in the
pond) and a 250 ppn chloride concentration limit would be as follovrs: (includes
the lOt excess of sulphate and/or carbonate lons).

Chemi cal

t). Bar:ium chlori.de
Sodl tnn sulphate

or

Barium chloride
Sodium carbonate

or

Barium chlorlde
Sodium sulphate
Sodlum carbonate

Chemical costs for the above cases would be as

Lbs/day

22,7
17.0

2').

3).

22.7
12,7

22,7
9.5
6.35

fol lols:

Case

t).
2r.
3r.

'$/daY

7.11
6,\t+
6.77

5 lyear

2595
235t
2\73
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The above costs are based on a telephone quote from HcKesson Chemical Co.,

Grand Junction, FOB Hoab:

Barium chloride, technical grade, 100 lb. bags, ton lots.
Sodium carbonate, technlcal grade, 100 lb. bags' ton lots.
Sodium sulphate, technical grade, 100 lb. bagsr ton lots.

In I ight
wi th the

A).
B).

treatment as the
tt ll ll
tt ll ll
tt tt tl

S24.31 /o'rt
S 7 .26/a*
5 9.36/ottt

t thought it would be a good ldea to talk to some of the Utah regulatory

people regardlng the proposed treatment to see what the official thinking

on the increased chloride problem was. t was referred to a l{r. Steve HcN,iel

with the Utah State Health Dept. In a telephone conversation with him, he

recognized the problem in the trade-off between chlorldes and the obJection-

able ions. He stated that lt was a trade they were more than willing to make.

The rest of the conversatlon related that radium was the most objectionable

ion in question and any optimization should be aimed at itsr removal. The

Utah state regulations, especially as regards arsenic and selenium, are in a

state of flux at the present time. Depending on the discharge source, rate,
recelving stream use and dilutlon factors; the state is usually willing to
negotlate on a case-by-case basls as to what wi I I be al lcrvred. There is a

good chance that values above what has been previously stated would be allovued

on all except radium. l1r. llcNiel stated that they would make a rul ing after
reviewlng the engineerlng report and test results of any proposed treatment

pfJn.--i;aie_no mentlon of any specf fl:c property location in my conversation

wi th h im.

of the above, and the unknov.rns regarding the chemistry of the process

water in question, I would recormend the fol lovring:

0btain a l0 gallon sample of the trypical water to be treated.
Prepare l3r 1000ml as bel*r and treat as indecated, at natural pH.

t). Untreated
2r. 251 concentration
3). 5ozq). 752
51. tooz
:6). 2f\ concentratlon treatrnent as the
7l . 5OZ t. l Ir rl

8). 7SZ t, u rr r.

9) . IOOY" lr t. rr rl

tl
tl
tl

carbonate
tl
ll
tt

su I phate
ll
tl
!l
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t0). 252 concentratlon treatment as mlxed precipltate
tl). 502 rr rr rr rr rl

12, , 752 rr rr rt rr rr

t3) ' . l00Z rr rr rr rr rl

The percentages given above are of the maximum reconmened dosage. After the

precipitate has settled, remlx and let settle a second time.

C). Filter the above treated samples and have tested for:

t). Total disolved solidszr. pH

3, . Radi um-226
4). Uranium
5).' Dissolved arsenic
5). Dlssolved selenium
71. Chlorldes

The plotted data frorn the results of the above will allol the economics and

efficiency to be determined.

D). lf none of the above are satisfactory, select the best one and dup-
licate the sample treatment to J, l000ml samples' Add 10r 30 and

50 ppm of ferric sulphate respectively to the 3 samples, Hix and
settle as above and have tested as above.

E). lf none of the above are satlsfactory, prepare one l000ml sample of
the t008 sulphate treatment, adJust to pH 4.2 with HCL and add the
barium chloride. Hix and settle as above, filter, adJust to pH 7.0'
re-treat sample wlth the best procedure as inr'Drr above, filter and
test as above.

The above steps represent all of the alternatives that are open in the use of

the barium chlorlde process and the best results, acceptable or not, will be

determined accordingly. This is the type of informatlon that the State will
require before approving or negotlating a plan.

lf I can be of any further help in the above matter, please call.

Yours very truly,
Technolgy Hanagement, Inc,

e"/^ €.&**l--
Carlon C. Chambers. P.E.
P res i dent

cc:flle
CCClk I e
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